The three clones belonged to the BoT8+ subset of T cells, which is similar to the human CD8' T-cell subset. On the basis of analysis on a panel of infected target cells originating from cattle of different major histocompatibility complex (MHC) phenotypes, killing by all three clones was found to be restricted to targets bearing the class I MHC specificity KN1O4, which is defined by alloantiserum KNA104 and monoclonal antibody IL-A4. This class I MHC restriction was confirmed by blocking of target cell lysis with these antibodies and monoclonal antibody w6/32, which reacts with a nonpolymorphic determinant on bovine class I MHC molecules. The three clones were parasite strain specific, in that they did not kill cells of the appropriate MHC type infected with T. parva (Marikebuni stock). These findings, taken together with previous observations that immunization of cattle with T. parva (Muguga) does not provide protection against challenge with T. parva (Marikebuni), suggest that the cytotoxic T cells recognize a cell surface antigen that may be important in induction ofimmunity to the parasite.
The tick-borne protozoan parasite Theileria parva causes an acute, usually fatal, disease of cattle, known as East Coast fever, which results in major economic losses throughout East and Central Africa. The parasite enters bovine lymphocytes, which subsequently undergo blast transformation and multiplication. Parasite and host cell divide synchronously (1) , resulting in rapid clonal expansion of the parasitized cells and high levels of parasitosis in the lymphoid tissues of infected cattle.
Cattle that recover spontaneously from infection or are immunized by infection and treatment regimes are immune to challenge with the homologous stock of the parasite but may be susceptible to challenge with heterologous stocks (2) (3) (4) (5) . The immunological basis of this parasite strain heterogeneity is poorly understood. Evidence from studies of cattle undergoing immunization suggests that cell-mediated immune responses to parasitized lymphoblasts are important in immunity (reviewed in ref. 6 ). Genetically restricted cytotoxic cells specific for parasitized targets are detected transiently in the peripheral blood of immune cattle (6) (7) (8) . Preliminary observations have indicated that these cytotoxic cell populations have a degree of parasite strain specificity (9) .
Further analysis ofthe specificity ofthe cytotoxic response and its role in immunity has been hampered by difficulties in generating effector cells in vitro with specificity similar to that of those arising in vivo. Cytotoxic cells have been induced in autologous Theileria mixed leukocyte cultures (MLCs), in which peripheral blood mononuclear cells (PBM) are stimulated by autologous infected cells, but invariably they contained a major component that was not specific for parasitized targets (10) (11) (12) . By repeated stimulation in autologous Theileria MLCs, we have obtained populations of T cells that are highly enriched for Theileria-specific cytotoxic cells. We report here findings on the MHC restriction and parasite strain specificity ofthree Theileria-specific cytotoxic T-cell clones derived from one such culture.
MATERIALS AND METHODS
Cattle. Donors of PBM were Boran (Bos indicus), Friesian, Ayrshire, or Hereford (Bos taurus) female or castrated male cattle, ranging from 6 to 48 months of age. The animal from which cytotoxic T cells were derived was a 3-year-old Boran steer (B641). All animals were clinically normal and were serologically negative for antibodies to Theileria parva schizonts at the outset of the experiments (13).
Typing for Major Histocompatibility Complex (MHC) Antigens. Class I MHC allelic products of the bovine lymphocyte antigen (BoLA) A locus (14) were defined in a microlymphocytotoxicity test using a panel of alloantisera (15) . Animal B641 had the BoLA-A phenotype w10/KN18. In all cases, PBM and their derivative cell lines had the same MHC phenotype.
Cell Lines. Lymphoblastoid cell lines infected with T. parva were established from PBM or cloned T cells by infection in vitro with sporozoites from tick salivary glands (16) . The sporozoites used were from the Muguga and Marikebuni stocks of T. parva, which are known to differ on the basis of cross-protection (5) . Some of the infected cell lines were cloned in limiting-dilution cultures. Culture medium consisted of RPMI 1640 medium containing 10% heatinactivated fetal bovine serum (GIBCO, Uxbridge, U.K.), 2 mM L-glutamine, gentamycin at 50 pug/ml, and 50 ,uM 2-mercaptoethanol. Confirmation that cell lines were infected with particular parasite stocks was made by typing the intracellular schizont with parasite strain-specific monoclonal antibodies (mAbs) (17) .
To obtain uninfected lymphoblasts for use as target cells in cytotoxicity assays, PBM were stimulated once by concanavalin A (Con A) and then maintained by regular addition of 20% T-cell growth factor (TCGF). The Cloning and Screening of Cytotoxic Cells. Clones were derived from the autologous Theileria MLC 7 days after the fifth in vitro stimulation. To increase the frequency of clones restricted by class I MHC molecules, the parent cell population was depleted of BoT4' lymphocytes by complementmediated lysis with mAb IL-A12 as described previously (19) , pelleted by centrifugation (7 min at 160 x g), and incubated for 4 hr at 390C in a humidified atmosphere of 5% CO2 in air. The cytotoxicity medium consisted of RPMI-1640 medium with 10% fetal bovine serum.
The cytotoxic activity of established cloned cells was measured in a 4-hr 51Cr release assay using 5 x 104 target cells per well (18) . Percent cytotoxic release of51Cr or 111in, herein referred to as percent cytotoxicity, was calculated as 100 x (test release -spontaneous release)/(freeze-thaw releasespontaneous release).
Blocking Assay. Several mAbs and bovine alloantisera were tested for their capacity to block cytotoxicity by interaction with either the target cells or the effector cells.
For blocking, 100 ,ul of antibody was added either to 50 ,ul of 51Cr-labeled target cells or to 100 ul of effector cells in the wells of 96-well flat-bottom culture plates (Costar) and incubated for 1 hr at 23TC. Aliquots, 100 .il of effector cells or 50 .ul of target cells, were then added, respectively, to the preincubated targets or effectors and plates were incubated for 4 hr at 390C. mAbs and alloantisera were used at a final dilution that gave 10 to 100 times saturating levels of binding as assessed by indirect immunofluorescence analysis.
Alloantisera and mAbs. Alloantiserum KNA104 defines the KN104 specificity, which is expressed in some cattle with the BoLA-A wlO specificity and some without the wlO specificity. Alloantiserum KNA109 recognizes another BoLA-A specificity not present on KN104+ animals. mAb IL-A4 (IgM) recognizes a polymorphic MHC determinant restricted to animals expressing the KN104 specificity. mAb w6/32 (IgG2a) defines a monomorphic determinant on human HLA-A, -B, and -C molecules (21) and crossreacts in a nonpolymorphic fashion with bovine class I MHC molecules (22) . mAb B1.1G6 (IgG2a) reacts with human and bovine P2-microglobulin (23, 24) . mAb BT3/8 (IgG2a) recognizes a cell surface molecule that is expressed on all cell lines infected with Theileria and on some normal bovine leukocytes (25) .
mAbs IL-A12 (IgG2a) and IL-A17 (IgGl) identify two distinct subpopulations of T lymphocytes in cattle; these have been termed BoT4' (38) and BoT8' (39) , respectively, because of their similarities to human T-cell populations defined by CD4 and CD8.
Immunoprecipitation. Con A-stimulated lymphoblasts were surface-labeled with Nal25I by the lactoperoxidase technique (26) . Solubilization oflabeled cells, immunoprecipitation with Staphylococcus protein A-Sepharose, and sodium dodecyl sulfate/polyacrylamide gel electrophoresis ofthe precipitated samples were carried out as described previously (25) , with minor modifications. Immunoprecipitation was performed at pH 7.5, except in the case of mAb IL-A4, which was used at pH 8.5 . Molecules reacting with a particular antibody were removed from the lysate prior to precipitation with a second antibody by several rounds of precipitation until the radioactivity in the pellet was equal to that in negative controls. ed for further characterization. These clones exhibited maximal killing potency around 7 days after stimulation, giving 100% cytotoxicity at an effector-to-target ratio of 0.25:1 to 0.5:1 (Fig. lb) . When cells were harvested more than 1 week after stimulation, higher effector-to-target ratios were required to obtain maximum cytotoxicity (Fig. la) (Fig. 3) . Sequential immunoprecipitation of lysates of B641 cells with alloantiserum KNA104 and an anti-wlO alloantiserum (Fig. 3) showed that alloantiserum KNA104 and anti-wlO alloantiserum recognized determinants on the same class I molecule from B641 cells. Similar results were obtained by using mAb IL-A4 followed by anti-W10 alloantiserum (not shown).
RESULTS
Blocking of Cytotoxicity by MHC-Defining mAbs and Alloantisera. To confirm the involvement of class I MHC molecules in restricting the cytotoxicity, experiments were conducted to test whether or not lysis could be blocked by preincubating the targets with antibodies recognizing the restricting class I MHC molecule. T. parva (Muguga)-infected cells from animal C603 carrying the wlO and KN104 specificities were used as target cells. Preincubation of C603 target cells with mAb IL-A4, alloantiserum KNA104, or mAb w6/32 reduced cytotoxicity by more than 90% (Fig. 1) . Two other mAbs recognizing the target cells-namely, mAb BT3/8, which reacts with a non-MHC molecule (25) , and mAb B1.1G6, which recognizes bovine /32-microglobulin (24)-did not block the cytolysis (Fig. 1) . Alloantiserum KNA109, which does not recognize the target cell, did not influence the killing (Fig. 1) .
Cell Surface Phenotype of the Theileria-Speciflic Cytotoxic Clones. The three cytotoxic clones were BoT4-, BoT8+. When these effectors were incubated with mAbs IL-A12 or IL-A17 before inclusion in cytotoxicity assays, IL-A17 inhibited killing by 20-30%, whereas IL-A12 had no effect. 
DISCUSSION
Three Theileria-specific cytotoxic clones were isolated from a population of PBM that had been stimulated five times in vitro with autologous T. parva (Muguga)-infected cells. These clones were parasite strain-specific and restricted by a class I MHC determinant.
The results of the present study extend previous observations on the immune responses of cattle to T. parva (6) and the related parasite Theileria annulata (27) , which indicated that cytotoxic cells specific for parasitized lymphoblasts were probably restricted by class I MHC antigens. Cytotoxic activity of the three clones was restricted to targets bearing the KN104 specificity, which, in animal B641, is expressed on the class I MHC A locus-encoded molecule bearing the w10 specificity. This was confirmed by the ability of alloantiserum KNA104 and mAb IL-A4 to block lysis of the target cells. However, mAb w6/32, which reacts with a monomorphic determinant on the MHC molecule, was equally efficient at blocking cytotoxicity. Similar blocking of cytotoxicity by w6/32 has been reported with human cytotoxic cells specific for targets infected with influenza virus or Epstein-Barr virus (28) (29) (30) (31) . In these studies, it was suggested that blocking was due to steric hindrance by the mAb, to antibody-induced conformational alteration of the MHC molecule (28, 29) , or possibly to interference in the association ofthe virus antigen with the MHC molecules (29 (34, 35) . In the case of Leishmania tropica, these T cells have also been cloned (35) . However, generation of such responses appeared to require the presence of mononuclear phagocytic cells to process and present the parasite antigen, whereas Theileria-specific clones responded to parasiteinduced changes on the membrane of the infected cell itself.
Cattle immunized against T. parva do not produce antibodies that react with the surface of parasitized cells (36) . Furthermore, attempts to identify parasite products on the cell surface by using biochemical techniques and mAbs have so far been unsuccessful (6) . Thus, at present, it is not possible to say whether the target antigen is of host or parasite origin, although the detection of parasite strain specificity on the part of T cells would favor the latter possibility. Similar problems in identifying the surface antigen recognized by the cytotoxic cells have been encountered with Epstein-Barr virus-infected and influenza virus-infected cells from humans (33, 37) . In the latter, transfection of viral genes was required to provide definitive information on the virus molecules responsible for membrane changes recognized by the cytotoxic cell (33) . Such an approach might be possible with Theileria-specific cytotoxic cells, should it become possible to identify the parasite gene(s) responsible for changes on the infected cell membrane, either directly or with mAbs recognizing the gene product.
In conclusion, the results of this study have demonstrated that cytotoxic T cells, which are restricted by class I MHC molecules and are parasite strain-specific, can be propagated and cloned in vitro from immune cattle. Findings on the specificity of these effectors, taken together with previous observations on cross-protection with different stocks of T. parva, suggest that these cytotoxic cells are important in mediating immunity to the parasite, and thus they may be of use, in conjunction with biochemical and molecular biological techniques, to identify antigens that could be used for immunization.
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